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ABSTRACT: 
A cost effective ZigBee- based wireless mine supervising system is presented in this article. This scheme used intelligent 

helmets as ultra- low- power nodes of wireless sensor network. The programme adopted ZigBee wireless technology to 

build wireless sensor networks, realized real- time surveillance with early- warning intelligence on LPG, FIRE, PANIC in 

mining area to reduce potential safety problems in coal production. In recent years, LED miner's helmet is extensively 

deployed in large and medium- sized coal mines, for their flexibility of light weight and low power. Meanwhile ZigBee 

based wireless sensor networks are recently investigated due to their remote environment monitoring capabilities. Such a 

network can easily collect sensor data and transmit them by radio. Combining these two advantages we design a smart 

new helmet, which enable the helmet as a mobile node of ZigBee wireless sensor networks, gathering parameters from 

underground timely and quickly. Moreover miners can also exchange information from control centre through wireless 

communication. It is convenient for centralized management to build real- time surveillance on environment parameters, 

so potential safety problems can be avoid by early- warning intelligence. 

 

Keywords: ZigBee, Wireless Sensor Networks 

 

 
1. INTRODUCTION 

The scheme is used intelligent helmets as ultra- low- power nodes of wireless sensor network. In recent years, 

LED miner's helmet is extensively deployed in large and medium- sized coal mines, for their flexibility of 

light weight and low power. Meanwhile ZigBee based wireless sensor networks are recently investigated due 

to their remote environment monitoring capabilities. Such a network can easily collect sensor data and 

transmit them by radio.  
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The program adopted ZigBee wireless technology to build wireless sensor networks, realized real- time 

surveillance with early- warning intelligence on LPG, FIRE, PANIC in mining area to reduce potential safety 

problems in coal production. It is convenient for centralized management to build real- time surveillance on 

environment parameters, so potential safety problems can be avoid by early- warning intelligence.  

Combining these two advantages we design a smart new helmet, which enable the helmet as a mobile node of 

ZigBee wireless sensor networks, gathering parameters from underground timely and  quickly. Moreover 

miners can also exchange information from control canter through wireless communication. Fire and gas is 

detected which can view from computer via ZigBee receiver while we can alert.  An LR-WPAN is a simple, 

low-cost communication network that allows wireless connectivity in applications with limited power and 

relaxed throughput requirement. 

 

2. PROBLEM STATEMENT  

According to current estimation 100 million landmines, mostly antipersonnel mines laid in over 60 countries, 

kill over 20,000 persons a year, many organizations and universities in different countries have increasingly 

recognized the significant of low cost and sustainable technologies for mine detection and extraction. The 

current solution for removing landmines from civilian areas is the use of trained technicians who manually 

search for buried objects using a metal detector. A human operator, on the other hand, sweeps a mine detector 

from side to side while moving forward to cover ground; this process is rather slow (20-50 square meters per 

hour).The operator can follow the ground profile with the detector head close to the ground without hitting the 

ground or any objects on it. The operator can vary the width of sweep to suit a particular situation, and is 

usually not limited by terrain. However, the manual method is slow, hazardous, manpower-intensive and 

stressful. As a result, the operators can perform this task only for short periods. In addition, the task is 

monotonous and at times errors result due to operator inattentiveness.  

 

 

3. PROPOSED SYSTEM  

To reduce the Human Death Ratio in the Mine explosion and Accidents we are implementing wireless sensor 

network for parameters measurement accuracy and safety can be achieved with the help of sensor network. 

Each of the mine workers were provided with personal care taking unit in order to detect the hazardous 

conditions. If explosion takes place, quick transmission of information to emergency care centres to intimate 

the status of the mine workers. To provide maximum assistance before explosion take place.  

 

Block Diagram (Figure 1) 
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a. MICRO CONTROLLER CORE FEATURES 

The Arduino Uno is a microcontroller board based on the ATmega328 (datasheet). It has 14 digital 

input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz ceramic resonator, a 

USB connection, a power jack, an ICSP header, and a reset button. It contains everything needed to support 

the microcontroller. 

 

It simply connects computer with a USB cable or power it with an AC-to-DC adapter or battery to get started. 

The Uno differs from all preceding boards in that it does not use the FTDI USB-to-serial driver chip. Instead, 

it features the Atmega16U2 (Atmega8U2 up to version R2) programmed as a USB-to-serial converter. 

Revision 2 of the Uno board has a resistor pulling the 8U2 HWB line to ground, making it easier to put into 

DFU mode.  

 

                                        
b. GAS SENSOR 

  
Fig 3: Gas Sensor 

 

Gas sensor is used to detect the presence of a dangerous LPG leakage in environmental air and outputs the 

reading as an analog voltage. The sensor has excellent sensitivity combined with a quick response time. Signal 

conditioning circuit is used to convert the change of conductivity to corresponding output signal with the input 

Fig 2: Micro Controller 
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gas concentration. The sensor can also sense iso-butane, propane, LNG and cigarette smoke. Carbon monoxide 

sensor for use in industrial or mining applications. The MQ-6 gas module is mounted on a pcb board which 

has an operating voltage of of both analog and digital.  

 

Fig 4: Flame Sensor 
 

c. FLAME SENSOR 

The Fire sensor is used to detect fire flames. A flame detector is a sensor designed to detect and respond to the presence 

of a flame or fire, allowing flame detection. Responses to a detected flame depend on the installation, but can include 

sounding an alarm, deactivating a fuel line (such as a propane or a natural gas line), and activating a fire suppression 

system. When used in applications such as industrial furnaces, their role is to provide confirmation that the furnace is 

properly; in these cases they take no direct action beyond notifying the operator or control system. A flame detector can 

often respond faster and more accurately than a smoke or heat detector due to the mechanisms it uses to detect the 

flame. flame sensor is a crucial safety feature on your gas heating equipment. During the ignition sequence, your gas 

furnace undergoes a process where either a spark or a hot surface igniter will actually ignite the gas. The module makes 

use of Fire sensor and comparator to detect fire up to a range of 1 meters. 

 

Fig 5: Circuit Diagram 

 

d. CIRCUIT DIAGRAM 

Build fire alarm or fire detector using Flame sensor and Arduino board, the sensor basically detects IR (Infra 

Red) light wavelength between 760 nm – 1100 nm (nano meter) that is emitted from fire flame. Most of the 
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flame sensors came with YG1006 sensor which is a high speed and high sensitive NPN silicon photo 

transistor. It is covered with black epoxy, since the sensor is sensitive to infrared radiation. By using this 

concept project you can understand how to monitor and alert about fire flame, It is most suitable for 

firefighting robot, fire alarm etc. 

 

Power Supply Unit: 

Power supply unit consists of following units 

Step down transformer 

Rectifier unit   

Input filter 

Regulator unit 

Output filter 

 

 

e. STEPDOWN TRANSFORMER: 

The Step down Transformer is used to step down the main supply voltage from 230V AC to lower value. This 

230 AC voltage cannot be used directly, thus it is stepped down. The Transformer consists of primary and 

secondary coils. To reduce or step down the voltage, the transformer is designed to contain less number of 

turns in its secondary core. The output from the secondary coil is also AC waveform. Thus the conversion 

from AC to DC is essential. This conversion is achieved by using the Rectifier Circuit/Unit. 

 

Step down transformers can step down incoming voltage, which enables you to have the correct voltage input 

for your electrical needs.  For example, if our equipment has been specified for input voltage of 12 volts, and 

the main power supply is 230 volts, we will need a step down transformer, which decreases the incoming 

electrical voltage to be compatible with your 12 volt equipment. 

 

f. RECTIFIER UNIT 

 The Rectifier circuit is used to convert the AC voltage into its corresponding DC voltage. The most important 

and simple device used in Rectifier circuit is the diode. The simple function of the diode is to conduct when 

forward biased and not to conduct in reverse bias. Now we are using three types of rectifiers. They are 

Half-wave rectifier 

Full-wave rectifier 

Bridge rectifier 

Fig 4: Circuit Diagram 
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Rectifier: A bridge rectifier makes use of four diodes in a bridge arrangement to achieve full-wave 

rectification. This is a widely used configuration, both with individual diodes wired as shown and with single 

component bridges where the diode bridge is wired internally. 

 

Fig 6: Rectifier 

A diode bridge or bridge rectifier is an arrangement of four diodes in a bridge configuration that provides the 

same polarity of output voltage for either polarity of input voltage. When used in its most common 

application, for conversion of alternating current (AC) input into direct current (DC) output, it is known as a 

bridge rectifier. A bridge rectifier provides full-wave rectification from a two-wire AC input, resulting in 

lower cost and weight as compared to a center-tapped transformer design. 

The Forward Bias is achieved by connecting the diode’s positive with positive of the battery and negative with 

battery’s negative. The efficient circuit used is the Full wave Bridge rectifier circuit. The output voltage of the 

rectifier is in rippled form, the ripples from the obtained DC voltage are removed using other circuits 

available. The circuit used for removing the ripples is called Filter circuit. 

Input Filter: Capacitors are used as filter. The ripples from the DC voltage are removed and pure DC voltage 

is obtained. And also these capacitors are used to reduce the harmonics of the input voltage. The primary 

action performed by capacitor is charging and discharging. It charges in positive half cycle of the AC voltage 

and it will discharge in negative half cycle. So it allows only AC voltage and does not allow the DC voltage. 

This filter is fixed before the regulator. Thus the output is free from ripples. 

 There are two types of filters. They are  

Low pass filter 

High pass filter 
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Low pass filter 

 

Fig 7: Low Pass Filter 

 

One simple electrical circuit that will serve as a low-pass filter consists of a resistor in series with a load, and a 

capacitor in parallel with the load. The capacitor exhibits reactance, and blocks low-frequency signals, causing 

them to go through the load instead. At higher frequencies the reactance drops, and the capacitor effectively 

functions as a short circuit. The combination of resistance and capacitance gives you the time constant of the 

filter τ = RC (represented by the Greek letter tau). The break frequency, also called the turnover frequency or 

cutoff frequency (in hertz), is determined by the time constant: or equivalently (in radians per second) 

One way to understand this circuit is to focus on the time the capacitor takes to charge. It takes time to charge 

or discharge the capacitor through that resistor: 

At low frequencies, there is plenty of time for the capacitor to charge up to practically the same voltage as the 

input voltage.  

At high frequencies, the capacitor only has time to charge up a small amount before the input switches 

direction. The output goes up and down only a small fraction of the amount the input goes up and down. At 

double the frequency, there's only time for it to charge up half the amount.  

Another way to understand this circuit is with the idea of reactance at a particular frequency: 

Since DC cannot flow through the capacitor, DC input must "flow out" the path marked Vout (analogous to 

removing the capacitor).  

Since AC flows very well through the capacitor — almost as well as it flows through solid wire — AC input 

"flows out" through the capacitor, effectively short circuiting to ground (analogous to replacing the capacitor 

with just a wire).  
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It should be noted that the capacitor is not an "on/off" object (like the block or pass fluidic explanation above). 

The capacitor will variably act between these two extremes. It is the Bode plot and frequency response that 

show this variability. 

High Pass Filter: 

 

 

Fig 8: High Pass Filter 
 

 

The above circuit diagram illustrates a simple 'RC' high-pass filter. we should find that the circuit passes 'high' 

frequencies fairly well, but attenuates 'low' frequencies. Hence it is useful as a filter to block any unwanted 

low frequency components of a complex signal whilst passing higher frequencies. Circuits like this are used 

quite a lot in electronics as a 'D.C. Block' - i.e. to pass a.c. signals but prevent any D.C. voltages from getting 

through. 

 

The basic quantities which describe this circuit are similar to those used for the Low Pass Filter. In effect, this 

circuit is just a simple low-pass filter with the components swapped over. 

 

The action of the circuit can also be described in terms of a related quantity, the Turn over Frequency, f0, 

which has a value 

 

As with the low-pass filter, the circuit's behavior we can be understood as arising due to the time taken to 

change the capacitor's charge when we alter the applied input voltage. It always takes a finite (i.e. non-zero) 

time to change the amount of charge stored by the capacitor. Hence it takes time to change the potential 

difference across the capacitor. As a result, any sudden change in the input voltage produces a similar sudden 

change on the other side of the capacitor. This produces a voltage across the resistor and causes a current to 

flow thorough it, charging the capacitor until all the voltage falls across it instead of the resistor. The result is 

that steady (or slowly varying) voltages appear mostly across the capacitor and quick changes appear mostly 
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across the resistor. Since we're using the voltage across the resistor as out output the main properties of the 

circuit are therefore 

 

The Voltage Gain 

 

 

The Phase Delay 

 

 

Try using the above experimental system to collect results and plot a graph of how the voltage gain, Av, (and 

the phase change) depend upon the input frequency and if we check result agrees with the above formulae. 

Compare this with a low-pass filter that uses the same component values and you should see that they give 

'opposite' results. In the high-pass filter, the output waveform 'leads' the input waveform.  

 

Regulator unit:  

\ 

                                                                              Fig 9: 7805 Regulator 

 

Regulator regulates the output voltage to be always constant. The output voltage is maintained irrespective of 

the fluctuations in the input AC voltage. As and then the AC voltage changes, the DC voltage also changes. 

Thus to avoid this Regulators are used. Also when the internal resistance of the power supply is greater than 

30 ohms, the output gets affected. Thus this can be successfully reduced here. The regulators are mainly 

classified for low voltage and for high voltage. Further they can also be classified as:       

              

i) Positive regulator 

                   1---> input pin 

                   2---> ground pin            

                   3---> output pin  
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                 It regulates the positive voltage.             

              

 ii) Negative regulator 

                   1---> ground pin 

                   2---> input pin 

                   3---> output pin  

                  It regulates the negative voltage.   

 

Fixed regulators 

 

Fig 10a: An assortment of 78xx series ICs 

 

"Fixed" three-terminal linear regulators are commonly available to generate fixed voltages of plus 3 V, and 

plus or minus 5 V, 9 V, 12 V, or 15 V when the load is less than about 7 amperes. 

7805 VOLTAGE REGULATOR: 

The 7805 provides circuit designers with an easy way to regulate DC voltages to 5v. Encapsulated in a single 

chip/package (IC), the 7805 is a positive voltage DC regulator that has only 3 terminals. They are: Input 

voltage, Ground, Output Voltage. 

 

OUTPUT FILTER: 

The Filter circuit is often fixed after the Regulator circuit. Capacitor is most often used as filter. The principle 

of the capacitor is to charge and discharge. It charges during the positive half cycle of the AC voltage and 

discharges during the negative half cycle. So it allows only AC voltage and does not allow the DC voltage. 

This filter is fixed after the Regulator circuit to filter any of the possibly found ripples in the output received 

finally. Here we used 0.1µF capacitor. The output at this stage is 5V and is given to the Microcontroller. The 

output voltage overshoots when the load is removed or a short clears. When the load is removing from a 

switching mode power supply with a LC low-pass output filter, the only thing the control loop can do is stop 
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the switching action so no more energy is taken from the source. The energy that is stored in the output filter 

inductor is dumped into the output capacitor causing a voltage overshoot. 

The magnitude of the overshoot is the vector sum of two orthogonal voltages, the output voltage before the 

load is removed and the current through the inductor times the characteristic impedance of the output filter, Zo 

= (L/C)^1/2. This can be derived from conservation of energy considerations. 

The initial energy, Ei, is: 

Ei = 1/2*(L*Ii^2 + C*Vi^2) 

The final energy, Ef, is: 

Ef = 1/2*(L*If^2 = C*Vf^2) 

The two energies are equal when the load is removed, since the load is no longer taking energy from the 

system. Equating the two energies, substituting zero current for the final inductor current, then the solution for 

the final voltage Vf is: 

Vf = (Vi^2 + (Ii*Zo)^2)^1/2 

This is the orthogonal vector sum of the output voltage and the load current times the characteristic impedance 

and is illustrated in Figure 1. 

 

Fig 10b: Overshoot Voltage as Vector Sum 

 

 

International Journal of Scientific Research and Review

Volume 7, Issue 10, 2018

ISSN NO: 2279-543X

Page No: 539



The problem becomes worse if the current in the inductor is established by a short circuit on the output and the 

short circuit clears. In this case, the initial voltage is zero (short circuit) and the overshoot is I*Zo, where I can 

be very large, resulting in a ruinous overshoot. 

Pin Diagram 

 

Fig 11:  Pin Diagram 

PIN DESCRIPTION 

1.0 pin out: added SDA and SCL pins that are near to the AREF pin and two other new pins placed near to the 

RESET pin, the IOREF that allow the shields to adapt to the voltage provided from the board. In future, 

shields will be compatible both with the board that use the AVR, which operate with 5V and with the Arduino 

Due that operate with 3.3V. The second one is a not connected pin, that is reserved for future purposes. At 

mega 16U2 replace the 8U2. "Uno" means one in Italian and is named to mark the upcoming release of 

Arduino 1.0. The Uno and version 1.0 will be the reference versions of Arduino, moving forward. The Uno is 

the latest in a series of USB Arduino boards, and the reference model for the Arduino platform; for a 

comparison with previous versions, see the index of Arduino boards.  

 

POWER 

The Arduino Uno can be powered via the USB connection or with an external power supply. The power 

source is selected automatically. External (non-USB) power can come either from an AC-to-DC adapter (wall-

wart) or battery. The adapter can be connected by plugging a 2.1mm center-positive plug into the board's 

power jack. Leads from a battery can be inserted in the Gnd and Vin pin headers of the POWER connector. 
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The board can operate on an external supply of 6 to 20 volts. If supplied with less than 7V, however, the 5V 

pin may supply less than five volts and the board may be unstable. If using more than 12V, the voltage 

regulator may overheat and damage the board. The recommended range is 7 to 12 volts.  

 

The power pins are as follows:  

The input voltage to the Arduino board when it's using an external power source (as opposed to 5 volts from 

the USB connection or other regulated power source). You can supply voltage through this pin, or, if 

supplying voltage via the power jack, access it through this pin. 5V.This pin outputs a regulated 5V from the 

regulator on the board. The board can be supplied with power either from the DC power jack (7 - 12V), the 

USB connector (5V), or the VIN pin of the board (7-12V). Supplying voltage via the 5V or 3.3V pins bypasses 

the regulator, and can damage your board. We don't advise it. 3V3. A 3.3 volt supply generated by the on-

board regulator. Maximum current draw is 50 mA. GND. Ground pins. Memory The ATmega328 has 32 KB 

(with 0.5 KB used for the boot loader). It also has 2 KB of SRAM and 1 KB of EEPROM (which can be read 

and written with the EEPROM library). Input and Output Each of the 14 digital pins on the Uno can be used as 

an input or output, using pinMode(), digitalWrite(), and digitalRead() functions. They operate at 5 volts. Each 

pin can provide or receive a maximum of 40 mA and has an internal pull-up resistor (disconnected by default) 

of 20-50 kOhms. In addition, some pins have specialized functions. 

 

Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data. These pins are connected 

to the corresponding pins of the ATmega8U2 USB-to-TTL Serial chip. External Interrupts: 2 and 3. These 

pins can be configured to trigger an interrupt on a low value, a rising or falling edge, or a change in value. See 

the attach Interrupt() function for details.PWM 3, 5, 6, 9, 10, and 11. Provide 8-bit PWM output with the 

analog Write() function. SPI 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI 

communication using the SPI library. LED 13 There is a built-in LED connected to digital pin 13. When the 

pin is HIGH value, the LED is on, when the pin is LOW, it's off. The Uno has 6 analog inputs, labeled A0 

through A5, each of which provide 10 bits of resolution (i.e. 1024 different values). By default they measure 

from ground to 5 volts, though is it possible to change the upper end of their range using the AREF pin and the 

analog Reference() function. Additionally, some pins have specialized functionality.TWI A4 or SDA pin and 

A5 or SCL pin. Support TWI communication using the Wire library. There are a couple of other pins on the 

board AREF Reference voltage for the analog inputs. Used with analog Reference() Reset. Bring this line 

LOW to reset the microcontroller. Typically used to add a reset button to shields which block the one on the 

board. See also the mapping between Arduino pins and ATmega328 ports. The mapping for the Atmega8, 168, 

and 328 is identical.  
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COMMUNICATION 

Arduino Uno has a number of facilities for communicating with a computer, another Arduino, or other 

microcontrollers. The ATmega328 provides UART TTL (5V) serial communication, which is available on 

digital pins 0 (RX) and 1 (TX). An ATmega16U2 on the board channels this serial communication over USB 

and appears as a virtual com port to software on the computer. The '16U2 firmware uses the standard USB 

COM drivers, and no external driver is needed. However, on Windows, a .inf file is required. The Arduino 

software includes a serial monitor which allows simple textual data to be sent to and from the Arduino board. 

The RX and TX LEDs on the board will flash when data is being transmitted via the USB-to-serial chip and 

USB connection to the computer (but not for serial communication on pins 0 and 1). A Software Serial library 

allows for serial communication on any of the Uno's digital pins. The ATmega328 also supports I2C (TWI) 

and SPI communication. 

  

The Arduino software includes a Wire library to simplify use of the I2C bus; see the documentation for details. 

For SPI communication, use the SPI library. Programming The Arduino Uno can be programmed with the 

Arduino software (download). Select "Arduino Uno from the Tools > Board menu (according to the 

microcontroller on your board). For details, see the reference and tutorials. The ATmega328 on the Arduino 

Uno comes pre burned with a boot loader that allows you to upload new code to it without the use of an 

external hardware programmer. It communicates using the original STK500 protocol (reference, C header 

files). You can also bypass the boot loader and program the microcontroller through the ICSP (In-Circuit 

Serial Programming) header; see these instructions for details. The ATmega16U2 (or 8U2 in the rev1 and rev2 

boards) firmware source code is available . The ATmega16U2/8U2 is loaded with a DFU boot loader, which 

can be activated by. 

 On Rev1 boards: connecting the solder jumper on the back of the board (near the map of Italy) and then 

resetting the 8U2. 

 On Rev2 or later boards: there is a resistor that pulling the 8U2/16U2 HWB line to ground, making it easier 

to put into DFU mode. You can then use Atmel's FLIP software (Windows) or the DFU programmer (Mac OS 

X and Linux) to load a new firmware. Or you can use the ISP header with an external programmer 

(overwriting the DFU boot loader). See this user-contributed tutorial for more information.  

 

4. CONCLUSION 

As the system requirement and the required components can be easily made available this project can be 

implemented easily. It will provide the safety to coal miners and change the way of their working as well as 
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system controlling the various environmental changes in mines. It has been presented the original design of the 

low power ZigBee wireless sensor system with an extremely reduced cost. It is reliable system with quick and 

easy installation. The system might be easily extended. With ZigBee wireless positioning devices, it will 

improve system scalability and extend accurate position of underground miners in future. 
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